Energy-linked transhydrogenase. Characterization of a nucleotide-binding sequence in nicotinamide nucleotide transhydrogenase from beef heart.
Purified nicotinamide nucleotide transhydrogenase from beef heart was investigated with respect to labeling and subsequent sequence analysis of a nicotinamide nucleotide-binding site. A photo-activated azide derivative, 8-azidoadenosine 5'-monophosphate, was used as an active-site-directed photoaffinity label, which was shown to be specific for the NAD(H)-binding site in the dark. Light-activated incorporation of the label in transhydrogenase was accompanied by an inactivation, which approached 100% at the incorporation of about 1 mol label/mol transhydrogenase monomer. As expected from the assumed site-specificity of the label. NADH prevented both labeling and inactivation to some extent. However, NADPH also prevented labeling and inactivation marginally. The oxidized substrates NAD+ and NADP+ were inhibitory by themselves under these conditions, and the substrate analogs 5'-AMP and 2'-AMP were also poor protectors. The NAD(H)-site specificity of the azido compound was thus largely lost upon illumination and covalent modification. Radioactive labeling of transhydrogenase with 8-azido-[2-3H]-adenosine 5'-monophosphate followed by protease digestion, isolation of labeled peptides and amino-acid sequence analysis showed that Tyr 1006 in the sequence 1001-1027 close to the C-terminus was labeled. This sequence shows homologies with nucleotide-binding sequences in, e.g., F1-ATPase. On the basis of sequence homologies with other NAD(P)-dependent enzymes it is proposed that transhydrogenase contains 4 nucleotide-binding sites, of which 2 constitute the adenine nucleotide-binding domains of the catalytic sites for NAD(H) and NADP(H) close to the N- and C-terminals, respectively. Each of these domains has an additional vicinal nucleotide-binding sequence which may constitute a non-catalytic nucleotide-binding site or the nicotinamide nucleotide-binding domain of the catalytic site. The present results indicate that 8-azidoadenosine 5'-monophosphate is kinetically specific for the catalytic NAD(H)-binding site, but reacts covalently with Tyr 1006 of the putative non-catalytic site or nicotinamide nucleotide-binding domain formed by the 1001-1027 amino acid sequence of the catalytic NADP(H)-binding site. Interactions between the catalytic NAD(H) and NADP(H) binding sites, and the assumed non-catalytic sites, may be facilitated by a ligand-triggered formation of a narrow pocket, which normally allows an efficient hydride ion transfer between the natural substrates.